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TEST  OF 


GENERAL  ELECTRIC  RECORDING  STEAM  FLOW  METER 
TYPE  R FORM  D N°  332939 

The  meter  tested  is  made  by  the  General  Electric 
Company  at  Schenectady,  New  York,  and  is  intended  for  use  on 
pipes  of  from  2 to  20  inches  diameter,  to  indicate  flows  up  to 
240,000  pounds  per  hour.  This  test  was  to  determine  the 
accuracy  and  consistency  of  its  readings. 

Description  of  set-up. 

The  construction  and  method  of  setting  up  the  meter 
are  fully  described  in  the  pamphlet  furnished  with  it,  which 
is  included  in  this  report.  In  the  present  test  the  meter  was 
connected  to  a 3 1/13  inch  pipe  according  to  the  directions  in 
the  pamphlet  mentioned.  This  pipe  led  from  the  steam  main 
direct  to  a condenser.  On  the  main  side  a globe  valve,  A, 
regulated  the  pressure,  while  on  the  condenser  side  a gate 
valve,  B,  controlled  the  flow.  The  distance  between  these 
valves  was  10.06  feet,  the  nozzle  being  3.5  feet  from  the  globe 
valve,  A,  (See  figure  10  for  details  of  piping  and  set-up). 

The  quality  of  the  steam  flowing  was  measured  by  means  of  a 
throttling  calorimeter  placed  near  the  nozzle.  The  condensed 
water  was  pumped  into  a tank  of  about  2500  pounds  capacity 
and  weighed.  The  meter  was  placed  about  12  feet  away  from  the 
nozzle  and  6 feet  below  it,  but  the  pressure  gage  was  at  the 
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level  of  the  pipe,  so  that  head  corrections  were  avoided.  As 
the  back  pressure  beyond  valve  B would  affect  the  flow,  and 
as  the  readings  ought  to  be  as  constant  as  possible,  the 
condenser  vacuum  was  kept  constant  for  each  reading,  tho  no 
attempt  was  made  to  regulate  it  thruout  the  test. 

Principles  governing  action. 

The  principle  which  governs  the  action  of  this  type 
of  flow  meter  is  that  of  the  Pitot-piezometer  method  of 
measuring  velocity  of  water.  If  a Pitot  tube  be  placed  in  a 
stream  of  water,  the  water  in  the  tube  will  rise  somewhat  above 
the  level  of  the  water,  due  to  the  impact  of  tha  water  against 
the  face  of  the  submerged  end  of  the  tube,  and  the  height  to 
which  it  rises  is  dependent  upon  the  velocity  of  the  flow. 

If  for  the  stream  be  substituted  a pipe,  it  is  necessary  to 
add  a piezometer  to  indicate  the  true  level  of  the  water,  and 
the  difference  of  the  heads  in  the  two  tubes  is  the  height 
which  indicates  the  velocity.  Obviously,  if  the  tubes  are 
correctly  calibrated,  the  velocity  of  the  water  in  the  pipe 
or  the  flow  may  be  determined.  These  heads,  however , represent 
pressures,  and  it  is  their  difference  only  which  is  important. 
In  the  General  Electric  meter  this  difference  is  found,  not  by 
tubes  as  described,  but  by  a mercury  balance  (figure  11). 
Suppose  that  the  tubes  mentioned  were  connected  by  flexible 
tubing  to  a U-tube  containing  mercury,  the  Pitot  to  one  leg 
and  the  piezometer  to  the  other.  Now  any  difference  of 
pressures  in  the  two  legs  will  cause  the  mercury  to  rise  in 
one  side  and  fall  in  the  other,  and  if  the  U-tube  be  not 
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rigidly  supported  but  pivoted,  the  excess  of  mercury  in  one  side 
will  cause  it  to  tip  until  the  moment  due  to  this  excess  of 
mercury  is  just  balanced  by  the  opposing  moment  of  the  whole. 
Now,  a definite  velocity  in  the  pipe,  it  has  just  been  shown, 
will  cause  a definite  excess  of  mercury,  a definite  moment, 
and  hence,  a definite  position  of  the  system.  It  would  be 
possible,  then,  to  use  this  position  to  indicate  the  flow. 

While  the  simple  apparatus  just  described  would  do  well  enough 
for  an  incompressible  liquid,  such  as  water,  for  steam  such 
an  instrument  would  be  wholly  inadequate.  For,  the  velocity 
does  not  determine  the  flow,  since  the  density  of  steam  is 
affected  by  the  pressure.  And  even  the  velocity  could  not  be 
found,  since  the  same  velocity  in  fluids  of  different  densities 
would  not  give  equal  differences  of  pressures.  To  overcome 
this  difficulty,  the  General  Electric  meter  has  an  indicating 
mechanism  attached  to  the  mercury  balance  so  arranged  that  it 
is  the  moment  of  this  mechanism  which  balances  that  due  to  the 
mercury,  instead  of  the  U--tube  itself.  This  mechanism  is 
further  constructed  so  that  it  may  be  altered,  thus  changing 
its  center  of  mass,  and  the  position  assumed  for  a given 
moment.  A pressure  coil  is  connected  to  a movable  weight  in 
the  indicating  mechanism  in  such  a way  that  a change  of 
pressure  moves  the  weight  along  an  arm.  By  means  of  an 
adjustable  lever  the  amount  of  this  motion  is  regulated  so 
that,  if  the  pen  is  at  one  position  for  some  flow  at  a given 
pressure,  the  same  flow  at  a different  pressure  will  bring 
the  pen  to  the  same  point.  That  is,  the  change  in  density 
of  the  steam  has  changed  the  difference  of  pressures,  and  so 
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the  moment  of  the  system,  but  the  center  of  mass  has  also 
changed,  and  in  such  a way  that  the  new  system  produces  the 
new  moment  when  in  the  original  position.  With  this  adjustment 
a definite  flow  causes  the  pen  to  take  a definite  position 
regardless  of  the  pressure,  and  hence,  the  position  of  the  pen 
may  be  used  to  indicate  the  flow.  This  pressure  compensation 
device  is  shown  in  diagram  in  figure  9,  0 being  the  pressure 
coil,  L the  adjustable  lever,  and  W the  moving  weight. 

It  is  to  be  noted  that  where  the  Pitot  and  piezometer 
tubes  enter  the  pipe  they  are  joined  together  to  form  the 
nozzle  plug. 

Description  of  test. 

This  test  consisted,  in  the  main,  of  the  following 
operation:  The  outgoing  valve  B (figure  10)  was  set  to  give 
about  the  flow  desired.  For  some  time  the  pressure  was  held 
constant  for  conditions  to  become  settled  and  for  the 
thermometer  in  the  calorimeter  to  to  reach  the  temperature  of 
the  steam.  Then  this  temperature  was  read,  and  the  quality 
determined,  from  which  the  correct  position  of  the  pressure 
compensating  weight  was  found  by  reference  to  the  chart 
furnished  with  the  meter.  The  weight  was  set,  and  the  reading 
taken,  retaining  the  condensate  for  a measured  time  (usually 
thiry  minutes),  and  weighing  it  for  comparison  with  the 
reading  of  the  meter. 

The  above  gives  the  method  of  making  the  test,  but 
merely  the  routine  part  of  it.  Many  things  came  up  which  were 
not  in  this  routine,  and  these  will  be  briefly  discussed  here. 
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While  it  was  possible  to  keep  the  pressure  by  close 
watching,  the  quality  varied,  somewhat.  7or  the  throttling  of 
valve  A in  regulating  the  pressure  varied  the  superheating 
due  to  it  and  so  caused  the  quality  to  change.  No  way  was 
found  to  avoid  this,  tho  the  variations  were  neither  so  great 
nor  so  sudden  when  steam  was  not  being  used  in  other  parts 
of  the  laboratory.  It  was  endeavored,  therefore,  to  run  as 
much  as  possible  while  the  other  apparatus  was  idle. 

Great  care  had  to  be  taken  to  keep  the  meter  in 
good  adjustment,  and  to  this  end  the  adjustments  were 
frequently  repeated.  This  was  necessary,  as  some  of  the 
adjustments  were  not  permanent.  For  instance,  almost  every  time 
the  indicating  mechanism  was  tested  for  balance  (see  pamphlet, 
page  4),  it  was  found  to  be  out,  and  had  to  be  corrected. 

Before  starting  each  set  of  readings,  this  adjustment  was 
gone  thru. 

Some  trouble  was  experienced  in  getting  the  standard 
weight  to  move  the  recording  point  an  inch  and  a half  (see 
pamphlet,  page  6).  This  was  usually  right,  but  when  it  was 
not,  there  was  no  way  to  better  it.  It  will  be  seen  from  an 
examination  of  figure  6 that  a given  weight  will  move  the 
moving  system  the  same  amount  whether  the  adjusting  nut  N is 
short  or  long,  provided  the  pen  starts  from  the  same  point 
( zero) . 

When  the  condenser  pumps  were  running,  the  pen 
vibrated  so  that  at  times  a line  an  eighth  of  an  inch  wide 
was  made  (representing  150-200  pounds  per  hour).  Nothing  was 
found  to  reduce  this  vibration,  tho  several  expedients,  such 
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as  weighting  the  pipes  leading  to  the  meter,  were  tried. 

The  readings  of  the  instrument  were  always  too 
small,  and  this  fact  led  to  many  attempts  to  explain  and 
correct  the  error.  It  was  thot  that  the  condenser  leaked, 
and  so  causing  the  weights  of  condensate  to  be  too  large. 

A careful  leakage  test  failed,  however,  to  show  any 
appreciable  fault. 

Another  explanation  presented  laid  the  trouble  to 
the  pressure  compensating  device.  In  setting  this  part  of 
the  apparatus,  the  correct  positions  of  the  weight  were 
found  for  three  pressures,  30,  100,  and  120  pounds  per 
square  inch,  and  the  lever  adjusted  so  that  for  a change  of 
pressure  from  80  to  120  pounds,  the  weight  would  move  from 
the  80  pound  position  to  the  120.  Now,  if  the  100  pound 
position  had  been  right,  the  adjustment  would  have  been 
complete,  but  as  a matter  of  fact,  at  lOOpounds  the  weight 
was  too  high.  This  meant  that  , while  the  whole  movement 
of  the  weight  from  80  to  120  pounds  was  correct,  the  first 
part  of  this  motion  was  too  large  and  the  second,  too  small. 

This  error  could  not  be  corrected,  for  there  was  no  way  to 
change  one  part  of  the  motion  without  at  the  same  time 
changing  all  of  it  the  same  amount.  In  order  to  have  some 
adjustment,  the  mechanism  was  set  so  that  it  gave  the 
correct  movement  between  80  and  120  pounds,  and  so  that  it 
was  in  its  correct  position  at  100  pounds.  This,  it  will  be 
seen,  made  the  weight  too  low  for  all  pressures  except  100 
pounds,  and  errors  due  to  changing  pressures  were  made 

additive  instead  of  compensating.  And  these  errors  were 

— ___ 
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always  in  such  a direction  that  they  tended  to  make  the 
reading  of  the  meter  too  small.  Nothing  was  found  to  remedy 
this,  and  it  was  simply  kept  as  small  as  possible  by  keeping 
the  pressure  constant  at  100  pounds. 

It  was  suspected  that  the  nozzle  was  stopped  up 
and  that  this  was  causing  the  trouble,  but  examination  failed 
to  show  any  such  stoppage,  and  blowing  out  did  not  improve 
the  readings. 

On  the  suspicion  that  insufficient  mercury  in  the 
cups  was  the  reason  for  the  errors,  an  investigation  was 
instituted  which  resulted  in  the  discovery  that  the  suspicion 
was  unfounded. 

As  an  aid  in  setting  the  pressure  compensating  weight, 
curve  S was  plotted.  Against  calorimeter  temperatures  were 
plotted  quality,  or  superheat,  at  100  pounds  pressure,  values 
being  obtained  from  steam  tables  on  the  assumption  that 
atmospheric  pressure  was  14.7  pounds  per  square  inch,  which 
assumption  is  accurate  within  the  demands  of  the  uses  to 
which  the  curve  was  to  be  put.  From  the  chart  mentioned 
several  times  above,  the  settings  corresponding  to  the  various 
qualities  were  found,  and  these  plotted  in  another  curve 
opposite  the  original  calorimeter  temperatures.  On  this 
second  curve,  then,  the  setting  for  any  quality  can  be  found 
direct  from  the  calorimeter  temperature.  Where  the  setting 
had  to  be  changed  for  each  reading,  this  saved  a great  deal 
of  time.  Of  course  the  curve  is  valid  only  at  a pressure 
of  100  pounds. 
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Another  incidental  curve  is  5,  which  finds  its  use 
in  the  following  illustrative  case:  Suppose  that,  with  the 

compensating  weight  set  for  40  degrees  superheat,  the  quality 
falls  off  to  2 percent  moisture.  The  readings  taken  at  the  lower 
quality  have  no  value,  since  the  setting  was  not  correct. 

By  referring  to  curve  5,  it  is  found  that  any  flow  will  cause 
the  meter  when  set  for  98  percent  quality  to  read  101  percent 
of  the  reading  for  the  same  flow  when  the  setting  is  for 
saturated  steam,  and  that  the  setting  for  40  degrees  superheat 
gives  97  percent  of  the  same  reading.  Then  a flow  which  gives 
a reading  R when  setting  is  for  40  degrees  superheat,  will 
101 

read  ■ * R at  2 percent  moisture  setting.  Then  the  readings 

97 

taken  at  2 percent  will  be  correct  if  multiplied  by  1.032  . 

The  values  for  this  curve  were  obtained  by  keeping  the  flow 
constant,  as  nearly  as  possible,  while  the  setting  of  the 
pressure  weight  was  changed  to  its  various  values,  the  reading 
being  noted  for  each  setting.  A curve  was  plotted  for  this 
data  with  reading  against  setting  t i • e.,  quality  to  which 
setting  corresponds).  Several  of  these  curves  were  plotted  for 
different  flows  and  different  qualities.  Finally,  each  curve 
was  plotted  with  its  ordinates  readings  in  percent  of  the 
saturation  ordinate  instead  of  in  pounds  per  hour.  All  but 
one  of  these  percentage  curves  lay  so  close  together  that 
it  was  safe  to  conclude  that  one  curve  would  serve  for  all, 
and  this  curve  is  5.  Curve  4 is  the  first  one  obtained  in 
flow  against  quality  mentioned  above,  and  from  which  5 is 
der i ved . 


9 


Conclus ions . 

From  the  data  obtained  in  the  test  three  curves 
were  plotted:  No.  1,  between  reading  and  correct  flow; 

No.  2,  between  reading  and  percent  error ( cal ibrat ion) ; and 
No.  3,  between  reading  and  error  in  pounds  per  hour.  From 
No.  1 it  is  seen  that  the  readings  follow  somewhat  the  true 
flow,  but  from  No.  2,  not  very  closely.  The  points  on 
No.  2 may  nearly  all  be  included  in  a zone  which  is  20  percent 
wide  at  low  flows,  dwindling  to  5 percent  at  3000  to  4000 
pounds  per  hour,  and  whose  center  line  is  the  curve  drawn. 

The  points  are  scattered  thru  this  zone,  and  point  by  point 
examination  of  the  tables  from  which  they  were  plotted  has 
failed  to  show  any  relation  between  either  error  or  difference 
from  the  curve  and  quality  or  pressure.  Curve  No.  3 is 
plotted  with  actual  errors,  and  emphasizes  their  haphazard 
nature.  While  extremely  accurate  readings  could  hardly  be 
expected  on  account  of  several  errors,  such  as  width  of  line 
traced,  varying  quality,  error  due  to  pressure  compensating 
weight  adjustment,  paper  slipping  on  drum,  sticking  of 
compensating  weight,  and  so  on,  it  was  certainly  hop>ed  that 
they  would  be  much  better  than  they  have  proved  to  be.  From 
these  curves,  however,  it  is  impossible  to  draw  conclusions 
different  from  the  following: 

(1)  Ninety  percent  of  the  readings  are  too  small, 
requiring  a calibration  of  50  to  250  pounds  per  hour,  or 

0 to  20  percent  at  low  flows,  2 to  7 at  higher  flows. 

(2)  The  errors  do  not  depend  upon  the  quality  or 
pressure  at  which  the  meter  is  used. 
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(3)  That,  due  to  the  incons ist ency  and  haphazard 
character  of  the  errors,  no  calibration  curve  is  possible. 

(4)  That,  while  a meter  of  this  type  would,  if 
accurate,  or  accurately  calibrated,  be  of  incalculable  value 
as  an  aid  in  boiler  tests,  efficiency  tests,  and  so  on,  the 
instrument  tested,  being  neither  accurate  nor  adapted  to 
calibration,  would  have  but  little  value  in  such  a connection. 
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GENERAL 

DATA, 

CURVES 

1.  2, 

3. 

Pressure 

Reading 

Flow 

CalTemp 

Error 

Error 

Qual  it  y 

Dif  from 

Curve  2 

lb/sqin 

lb /hr 

lb/hr 

°F 

lb/hr 

< 

j° 

6 1n 
j° 

100 

1000 

1350 

285 

350 

35.0 

.997 

25,0 

1000 

902 

283 

-98 

-9.8 

.996 

20.0 

1300 

1263 

285 

-37 

-2.8 

.997 

12.0 

1350 

1386 

283 

36 

2.7 

. 996 

6.5 

1500 

1633 

230 

133 

9.2 

.995 

0.4 

1600 

1780 

284 

180 

11.3 

CQ7 

• w 1 

2.5 

1650 

1824 

283 

174 

10 . 5 

.996 

2.0 

1700 

1816 

267 

116 

6.8 

.983 

1.5 

1900 

2064 

220 

164 

8.6 

.963 

0 . 5 

1985 

2135 

283 

150 

7.6 

.996 

0.3 

2100 

2 106 

280 

r* 

O 

0.3 

.995 

7.0 

2150 

2452 

240 

302 

14.0 

.974 

6 . 5 

2450 

2512 

62 

2.5 

4.0 

2450 

2589 

283 

139 

5.7 

.996 

1.0 

2550 

2640 

290 

90 

3 .5 

2° 

3.0 

2650 

2825 

285 

175 

6.6 

.997 

0.2 

2650 

2900 

280 

250 

9.4 

. 995 

3.0 

2700 

3020 

225 

320 

11.3 

.965 

4.7 

2700 

2842 

258 

142 

5.2 

.984 

1.0 

2800 

2514 

270 

-286 

-10.2 

.990 

13.0 

2800 

3044 

220 

244 

8.7 

.963 

2.7 

2900 

2916 

245 

16 

0.6 

.973 

0.2 

2950 

3141 

270 

191 

6.5 

oon 
• •-/ 

0.7 

2950 

3090 

295 

140 

4.7 

5° 

1.0 

3000 

3096 

235 

96 

3.2 

.971 

2.5 
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GENERAL  DATA,  CONTINUED . 


Pressure 
lb/s q in 

Reading 

lb/hr 

Flow 

lb/hr 

CalTemp 

°F 

Error 
lb /hr 

Error 

1o 

Cual  it  y 

Dif  fr 
Curve  i 

df 

1° 

100 

3050 

3130 

222 

80 

2,6 

.964 

3.0 

3150 

3492 

342 

10.8 

5.0 

3350 

3435 

295 

85 

2.5 

5° 

2.3 

34-50 

3690 

283 

240 

7.0 

.996 

2.0 

3700 

3738 

230 

88 

2.4 

.963 

1.5 

3800 

3956 

156 

4.1 

0 . 2 

3950 

4164 

214 

5.4 

1.7 

3S50 

4152 

297 

202 

5.1 

70 

1.3 

4200 

4276 

76 

1.8 

1.4 

4250 

4330 

346 

80 

1 ,9 

49° 

1.8 

4250 

4305 

283 

55 

1.3 

.996 

1.9 

4450 

4650 

270 

200 

4.5 

.990 

2.0 

4450 

4645 

233 

195 

4.4 

.996 

1.9 

4700 

4728 

250 

28 

0.6 

.979 

1 . 5 

5 200 

5295 

296 

95 

1.8 

6° 

0.6 

5250 

5364 

302 

114 

2.2 

11° 

1.1 

80 

1500 

1566 

283 

66 

4.4 

.996 

5.7 

80 

2250 

2211 

283 

-39 

1 .7 

.996 

8.5 

120 

1450 

1480 

30 

2.1 

5.2 

120 

1550 

1780 

230 

14.8 

5.5 

120 

1580 

1716 

136 

8.6 

0.0 

120 

2950 

3040 

GO 

3.0 

2.2 

120 

4350 

4480 

130 

3.0 

0.2 

130 

2700 

2900 

200 

7.4 

1 .0 

135 

1200 

1328 

291 

128 

10.7 

2° 

1.1 
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DATA  FOR  CURVES  4 AND  5 


4$ 

2 <f0 

5° 

Settings 
20°  40°  60° 

80° 

ICO0 

120° 

Flow 

#1 

5300 

5200 

Readings  in  pounds  per  hour 
5100  5050  4950  4850  4800  4700 

4650 

Flow 

#2 

3300 

3250 

3300 

3150 

3100 

3050 

3000 

2950 

2900 

Flow 

77  3 

4050 

4000 

3950 

3900 

3850 

3800 

3700 

3650 

3600 

Flow 

4600 

4500 

4450 

4400 

4350 

4300 

4200 

4100 

4050 

Flow 

#5 

1275 

1250 

1225 

1200 

1200 

1 150 

1100 

1050 

1000 

F 1 ow 

#6 

3500 

3400 

3400 

3350 

3250 

3200 

3150 

3100 

3050 

Flow 

#7 

4200 

4100 

4050 

4000 

3950 

3900 

3800 

3750 

3650 

Flow 

#8 

5250 

5200 

5050 

5000 

4950 

4850 

4750 

4600 

4550 

Readings  in  percent  of  that 
at  saturated  setting 

Flow 

#1 

103 

101 

99.4 

98.4 

96.5 

95,2 

93.5 

91.5 

90 . 4 

Flow 

#2 

103.2 

101 

99.5 

98.5 

97.0 

95.2 

93.5 

SI.  5 

90.3 

7 low 

#3 

103 

101 

99.6 

97  .3 

97.4 

96.5 

94.0 

91.7 

90 . 5 

Flow 

#4 

103 

100.5 

99.3 

98.0 

96.8 

95,3 

93.4 

91,3 

89.9 

Flow 

#5 

102.5 

101 

99.8 

98.5 

97.3 

96.0 

93.5 

92.0 

91 .0 

Flow 

#6 

103 

100 

100 

98.5 

95.6 

94.4 

92.8 

91.2 

89.8 

Flow 

#7 

102.5 

101 

oo  s 

o'  • <7 

98.0 

96.2 

94.8 

93.2 

91.6 

90.1 

Flow 

#3 

102.6 

101 

99.6 

96.8 

96.3 

93.0 

89.0 

35.0 

81.0 

14 


Temperature  Quality  at 

in  calorimeter  100#/sqin 


212°F 

.960 

222 

.964 

232 

.970 

242 

.975 

252 

.980 

262 

.986 

272 

.993 

282 

.997 

292 

3°s 

302 

11 

312 

20 

322 

28 

332 

36 

342 

45 

352 

55 

362 

64 

272 

72 

382 

82 

392 

92 

402 

100 

412 

108 

Setting 
3.6  in. 
3 . 65 
3,70 

3.75 

3.80 

3.90 

3.95 

4.03 

4.10 

4.18 

4.25 

4.32 

4.40 

4.50 

4.58 


Curve.  1 
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PAMPHLET  OF  INSTRUCTIONS  FURNISHED  WITH 

GENERAL  ELECTRIC  RECORDING  STEAM  FLOW  METER 
TYPE  R FORM  D 


INSTRUCTIONS  FOR  OPERATING 


RECORDING  STEAM  FLOW  METER,  TYPE  R FORM  D: 

(WITH  AUTOMATIC  PRESSURE  COMPENSATION) 

INSTALLATION  OF  THE  NOZZLE  PLUG : 

The  nozzle  plug  can  be  installed  in  a vertical  or  horizontal 
pipe.  It  should  be  located  in  accordance  with  Figure  7. 

For  the  meter  to  indicate  correctly,  the  plug  must  be  at 
least  ten  pipe  diameters  from  a preceding  elbow  or  tee  or  other 
obstruction  inside  of  the  pipe,  and  at  least  two  pipe  diameters 

beftre  a following  elbow  or  other  obstruction. 

I 


Fig.  2. 

Nozzle  Plug. 

After  the  hole  in  the  main  is  tapped  to  receive  the  plug, 
the  inner  diameter  of  the  pipe  must  be  carefully  measured.  Figure 
7 shows  the  position  of  the  plug  when  used  with  either  vertical  or 
horizontal  pipes,  and  also  a convenient  form  of  gauge  for  measuring 
the  inner  diameter  of  the  pipe.  The  size  of  pipe  for  which  a plug 
is  designed  is  stamped  upon  the  head  of  the  plug.  The  arrow  at  the 
same  place  should  point  in  the  direction  of  flow.  See  Figures  2 
and  7 . 

Drill  and  tap  the  steam  main  near  the  nozzle  plug  for  1/4” 
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standard  pipe  and  insert  the  nipple  and  valve  A,  Fig.  9. 

Plugs  are  made  in  the  following  standard  sizes: 

3",  3",  4",  6”,  8",  10",  12"  and  14".  For  measuring  flow  thru 
pipes  of  intermediate  sizes,  use  the  next  smaller  plug  as  listed 
above.  For  example,  for  a pipe  of  5 inches  in  diameter  use  a 4 in. 
plug. 

There  are  four  threaded  holes  in  the  head  of  the  plug  as 
shown  in  the  following  sketches.  Two  holes  are  stamped  "L"  and 
two  are  stamped  "T".  The  arrow  points  in  the  direction  of  flow  in 
each  case. 


Iforizontat  /'tow  fforzzontaZ  fflozo 

Rzy/it  to  Left.  Left  to  Rtzytzt. 


CASE-5 


Vertical  V/ou) 
Dozen  zv  a rot. 


CASE- 4 


J/erti  cat  Vto  iv 
t/fzvaret. 


Positions  ot  Afozzlo  Ptny  for  Ptoio  Meters. 


Positions  of  nozzle  plug  for  Flow  Peters . 

Fig.  3. 

The  threaded  holes  marked  "L"  and  "T"  on  the  meter  must  be 
piped  to  the  corresponding  holes  "L"  and  "T",  which  lie  in  the  same 
horizontal  line  in  the  p^ug.  For  example,  always  use  the  two  holes 
marked  X in  the  aboce  sketches.  The  holes  which  are  not  in  use  are 
closed  with  the  special  long  plugs  furnished  with  the  nozzle  plug. 

The  cylindrical  reservoirs  must  be  located  perfectly  level 
with  the  end  marked  TOP  at  the  top. 
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The  pipes  from  the  nozzle  plug  to  the  reservoirs  should 
also  be  level. 

CAUTION: 

If  the  nozzle  plug  is  inserted  in  the  main  near  a flanged 
joint,  do  net  allow  the  gasket  to  extend  inside  the  pipe. 

ASSEMBLY  OF  THE  METER. 

Set  the  meter  approximately  level.  Remove  the  plugs  P 
at  the  top  of  the  mercury  cups,  holding  the  square  blocks  on  top 
of  the  cups  with  the  large  wrench  furnished  with  the  tool  box. 

Remove  the  plug  at  the  back  of  the  left  hand  cup.  Fill  the  cups  with 
mercury  up  to  the  hole  in  the  back  and  replace  the  plug. 

Carefully  remove  the  shipping  clamp  and  the  supporting  v 
blocks  from  above  and  below  the  middle  knife  edges,  allowing  these 
knife  edges  to  rest  freely  in  the  V-blocks. 

Close  the  cross  ever  valve  C, 

Fill  with  water  through  th  top  of  each  cup  intil  water  flows 
out  cf  the  unions  at  the  valve  C.  At  the  same  time  gently  rock 
the  cup  system  to  expel  the  air,  which  will  appear  at  the  top 
of  the  unions  in  bubbles.  Continue  until  no  more  air  bubbles 
appear.  This  is  most  easily  done  with  a small  rubber  hose  and 
funnel,  as  shown  in  the  following  sketch.  Keep  the  water  level 
visible  i the  funnel  to  prevent  the  entrance  of  air  w j ile  filling. 
Hold  the  finger  over  the  openings  at  the  top  of  the  unions  while 
replacing  the  plugs  P. 
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2rZ67l'neZ 
Ru&ier  //ose 


Fig.  4. 

Set  the  lever  arm  with  the  graduated  scale  in  its  knife 
edges  at  0,  figure  8.  Mount  the  pen  arm,  complete  with  the  pen 
point,  on  the  pivots  at  the  bottom  of  this  lever.  Place  the  ink 
trough  in  position  behind  the  recording  drum  and  take  care  that  the 
end  of  the  pen  in  the  trough  does  not  rub  against  the  sides  or  the 
bottom . 

Remove  the  compensating  weight  W from  the  lever  L,  Fig.  8. 

Screw  the  small  weight  F,  Fig.  8,  to  the  right  or  left 
until  the  pen  point  rests  lightly  upon  the  recording  drum. 

This  system  should  now  be  in  perfect  balance  with  the  pen 
in  any  position  on  the  drum.  ANY  TENDENCY  OF  THE  PEN  TO  MOVE  TO 
THE  RIGHT  OR  LEFT  FROM  ANY  POSITION  SHOULD  BE  ELIMINATED  BY 
ADJUSTING  THE  BALANCING  WEIGHTS  A AND  B.  THIS  BALANCE  MUST  BE 
PERFECT . 

Place  the  long  beam  in  its  knife  edges  at  the  top  of  the 
meter  and  connect  up  the  1 in  s a+  both  ends. 

Place  a chart  of  the  proper  range  on  the  feeding  spool- 
shaft.  Draw  the  paper  over  the  drum  and  start  it  on  the  reroll  spool. 
Take  care  that  the  paper  feeds  smoothly  over  the  pins  on  the  drum 
and  rolls  up  evenly  on  the  reroll.  To  line  up  the  paper 
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adjust  the  collar  on  the  feeding  spool  shaft.  With  the  lever  arm  L, 
Fig.  8,  against  the  stop  H,  the  pen  should  indicate  zero  flow  on 
the  chart. 

Assemble  the  pressure  coceection  piping  as  shown  in  ;iig.  6. 

INSTALLATION  OF  THE  METER. 

Locate  the  meter  in  any  convenient  place  below  the  nozzle 
plug  where  it  will  be  as  free  as  possible  from  vibration. 

Set  the  meter  in  a horizontal  position  by  means  of  the  level 
on  the  base,  and  take  care  that  the  piping  does  not  throw  the 
meter  out  of  level. 

Connect  the  holes  s ramped  L and  Tm  which  lie  in  the  same 
horizontal  line  on  the  nozzle  plug,  with  the  corresponding  holes 
marked  L and  T on  the  back  of  the  meter  by  clean  steel  or  iron  piping. 

The  piping  should  have  a downward  slope  from  the  recervoirs 
to  the  meter  so  that  no  air  traps  will  be  formed. 

THERE  MUST  BE  NO  LEAKS  AT  THE  HEAD  OF  ^HE  NOZZLE  PLUG,  IN 
THE  PIPING  SYSTEM  OR  AT  THE  METER. 

Complete  the  pressure  correction  piping,  ir.cludind  a reli- 
able gauge.  See  Fig.  9. 

With  the  cross-over  valve  C open  and  the  valves  L and  T 
closed,  remove  the  plugs  A and  B at  the  top  of  the  reservoirs  near 
the  nozzle  plug,  Figure  1. 

Pour  in  water  at  hole  A until  the  piping  and  reservoirs 
are  full.  The  most  satisfactory  way  of  doing  this  and  driving  out  all 
the  air  ( especially  with  long  meter  piping)  is  to  use  the  arrangement 
of  rubber  tube  and  funnel  shown  in  the  following  sketch.  Allow  water 
to  flow  out  of  hole  B until  no  mere  bubbles  appear.  Keep  the 
water  level  visible  in  the  funnel  to  prevent  the  entrance  of  air 
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while  filling.  Always  insert  the  plugs  A and  B before  opening  the 
valves  L and  T, 


Big . 5. 

Another  method  of  filling  the  piping  is  to  remove  the  plugs 
D and  E from  the  crosses  near  the  meter.  With  vlave  C open, 
carefully  open  the  valves  L and  T and  allow  steam  to  flow  gently  from 
the  holes  D and  E.  This  will  remove  J'he  air  and  fill  the  piping  with 
steam.  Replace  the  plugs  D and  E while  the  steam  is  still  flowing. 
Close  valve  T and  open  valve  L.  Allow  ste&m  to  condense  until  the 
entire  piping  system  becomes  cool. 

TO  MAKE  STANDARD  SETTING  ON  THE  METER. 

After  the  piping  has  been  filled  by  either  of  the  above 
methods  and  with  the  valves  L and  T closed,  open  cross  over  valve 
C.  Untie  the  counter  weight  G,  Fig.  8,  sc  that  it  hangs  freely  below 
the  lever  3. 

Attach  the  compensating  weight  W to  the  end  of  the  string 
passing  over  the  friction  pulley  M and  over  the  guide  wire  in  line 
with  the  knife  edges.  Fig.  8.  Set  the  pointer  on  the  compensating 
weight  W at  4 on  the  graduated  arm  by  adjusting  the  friction  pulley 

M. 
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Hang  the  standard  weight  furnished  in  the  tool  box  on  the 
knife  edge  behind  the  left  hand  cup.  Adjust  the  nut  until  the  pen 
reads  at  a distance  of  one  and  one-half  inches  from  the  zero 
flow  line  on  the  chart.  Remove  the  standard  weight  after  making  this 
setting. 

COMPENSATING  V0R  EXISTING  CONDITIONS. 

The  chart  diagram  #1  for  adjusting  the  meter  shows  the 
position  of  weight  T for  any  condition  of  pressure,  quality,  and 
pipe  diameter,  within  the  range  of  the  meter,  and  for  charts  of 
various  flow  ranges.  To  Determine  the  position  for  any  given 
conditions  proceed  as  follows: 

7rom  the  measured  internal  pipe  diameter  read  vertically 
upward  in  the  direction  of  the  arrow  to  the  intersection  with  the 
curve  representing  the  chart  to  be  used.  From  this  point  read  to  the 
left  in  the  direction  of  the  arrow  to  the  intersection  with  the  line 
representing  the  existing  steam  pressure.  From  here  read  vertically 
downward  in  the  direction  of  the  arrow  to  the  intersection  with  the 
line  representing  the  existing  moisture  or  superheat.  -Head  to  the 
right  from  this  point  in  the  direction  of  the  arrow  to  the  scale 
showing  the  position  of  the  compensating  weight. 

The  meter  is  provided  with  an  automatic  pressure 
compensating  device,  which,  when  properly  adjusted  corrects  for 
variation  in  pressure.  The  range  of  operation  varies  with  different 
pipe  diameters,  chart  ranges,  quality  and  pressure  ranges. 

ADJUSTMENT  OF  AUTOMATIC  PRESSURE 
C OMP  E NS  A TING  DEVICE. 

Look  up  on  the  chart  diagram  #1  the  positions  of  the 
compensating  weight  W for  at  least  three  pressures.  These  pressures 
should 
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cover  as  nearly  as  possible  the  range  through  which  the  meter  is  to 
operate.  The  compensating  weight  must  now  be  adjusted  so  that  the 
different  pressures  will  cause  the  gauge  spring  to  move  the 
compensating  weight  to  the  required  position. 

Obtain  the  different  pressures  on  the  gauge  spring  by 
bleeding  vlave  B,  Fig.  9. 

EXAMPLE: 

Assume  pipe  diameter  6",  flow  12,000  to  26;000  lbs.  per 
hour  (use  30,000  lb.  chart)  pressure  range  140  to  180  lbs  gauge 
average  superheat  5°F. 

Read  vertically  up  from  6"  pipe  diameter  to  the  30,000  lb. 
chart  curve.  Read  to  the  left  to  the  140  lb.  gauge  pressure  line; 
then  downward  to  the  5°  superheat  line.  From  this  point  read  to 
the  right  and  the  scale  w 11  show  the  position  of  the  compensating 
weight  to  be  4.55.  In  a similar  manner  find  the  positions  for  160 
lbs,  and  ISOlbs.  gauge  pressure.  These  positions  are  3.S?  and  3.51 
respect ively . 

Blow  the  air  our  of  the  piping  to  the  pressure  spring 
through  the  release  valve  B,  fig.  9.  Close  B,  allowing  the  piping 
to  fill  with  condensed  steam  and  to  become  cool;  then  close  valve  A, 

Open  B very  carefully  until  the  gauge  G reads  140  lbs. 
pressure,  ^hen  close  B. 

Loosen  set  screw  1,  Fig.  6,  and  set  lever  2 approximately 
horizontal.  Then  tighten  set  screw  1. 

Adjust  the  friction  pulley  M until  the  compensating  weight 
is  at  the  correct  position  for  140  lbs  gauge  pressure,  4.55  as 
found  above. 

Increase  the  pressure  first  up  to  160  and  then  to  180  lbs.  by 


. 
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opening  valve  A,  Fig.  9.  The  compensating  weight  should  move  up 
to  positions  3.97  and  3.51  respectively  as  found  above. 

Jf  the  compensa^ in g moves  too  far  change  the  ra^io 
of  lever  2 by  loosening  set  screws  7 and  8,  Fig.  6 and  moving  the 
block  6 away  from  the  gauge  spring.  Tighten  set  screws  8 and  7 taking 
care  that  the  slotted. end  of  lever  2 does  not  bind  in  the  gaue  spring 

Set  the  compensating  weight  at  the  correct  position  with 
140  lbs,  pressure  on  the  gauge.  Paise  the  pressure  to  160  and  180 
lbs.  and  no'-e  the  resulting  positions. 

If  the  compensating  weight  still  moves  too  far  and  the 
correct  positions  cannot  be  obtained  by  moving  block  6,  change  the 
cord  on  the  three  step  pulley  to  a groove  of  greater  diameter. 

The  movement  of  the  weight  may  be  too  small,  in  which  case 
block  6 must  be  moved  in  the  opposite  direction. 

Proper  adjustment  of  the  block  in  conjunction  with  the 
three  step  pulley  will  give  the  correct  positions. 

The  vertical  screw  beneath  the  free  end  of  the  pressure 
gauge  spring  is  intended  to  limit  the  movement  of  the  spiring.  Adjust 
this  screw  so  that  f he  spring  rests  ur on  it  when  the  pressure  falls 
below  the  operating  rsnge  of  the  meter.  For  the  case  given  above 
the  spring  should  strike  this  screw  at  approximately  135  lbs.  gauge 
pressure . 

CAUTKJN. 

The  pressures  used  on  the  chart  diagram  are  actual  pressures 
in  the  steam  main.  In  the  riven  examp1 e and  also  in  fig.  9 the 
gauge  i3  located  at  the  same  vertical  height  as  the  point,  where  the 
piping  is  tapped  into  the  steam  main.  These  gauge  readings  therefore 
Represent  the  actual  steam  main  pressure.  The  meter  may  be  a 
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considerable  distance  below  the  point  where  the  piping  is  tapped 
into  the  steam  main.  In  this  case  it  will  be  cinvenient  to 
locate  the  gauge  G,  Fig.  9,  near  the  met  r.  IF  THIS  IS  DONE 
ALLOWANCE  MUST  BE  MADE  FOR  THE  WATER  COLUMN  ON  THE  GAUGE.  The  gauge 
readings  will  be  higher  than  the  actual  steam  pressures  in  the  main 
by  a constant  amount,  depending  upon  the  vertical  distance  from  the 
center  of  the  gauge  to  the  point  where  the  piping  connects  to  the 
main.  One  foot  of  water  column  will  cause  the  gauge  to  read  .43  lbs. 
high.  For  example,  if  it  is  desired  to  set  the  compensating  device 
for  a steam  pres  ure  of  140  lbs.  gauge  and  the  gauge,  G,  Fig.  9,  is 
10  feet  below  the  connection  to  the  main,  this  gauge  would  read 
140  4.3  or  144.3  lbs. 

TO  CUT  IN  THE  METER. 

Open  the  valvec  C and  L in  order.  Close  C and  open  T, 

The  meter  will  now  record  the  true  rate  of  flo'"  of  steam  in 
lbs.  per  hour  provided  the  proper  adjustment s have  been  made. 

TO  CUT  OUT  THE  METER. 

Close  the  valves  L and  T and  open  valve  C. 

TO  FILL  THE  PEN. 

Remove  pen  and  fill  it  with  water.  Place  the  entrance  of 
end  in  the  ink  well.  The  water  will  siphon  out  of  the  tube  and  the 
ink  begib  to  flow. 

TO  CLEAN  THE  PEN. 

The  short  platinum  tip  is  soldered  into  the  brass  ink 
conveyor  and  is  not  removable.  Clean  this  tip  by  inserting  the  fine 
wire  furnished  with  the  meter. 
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MERCURY. 

Use  only  clean  mercury  in  the  gieter.  To  clean  mercury  treat 
it  with  nitric  acid  and  wash  with  running  water. 

TO  CLEAN  THE  PIPES. 

Open  valve  C, 

Remove  the  plugs  from  the  crosses  below  valve  C and  allow 
steam  to  flow  by  opening  the  valves  L and  T.  Refill  the  piping  with 
wat  er . 

TO  PECULATE  SPEED  OF  PAPER  FEED. 

To  increase  the  speed  of  the  clock,  push  down  the  small 
regulator,  which  extends  through  the  back  of  the  case. 

The  clock  is  an  eight  day  clock,  but  it  is  recommended  that 
it  be  wound  every  three  days. 

After  mounting  the  paper  chart,  the  drum  should  be  advanced 
so  the  pen  reads  about  1/4"  fast  and  then  rotated  backwards  to  the 
correct  time  to-  eliminate  lag  in  the  connecting  shaft  to  clock. 

SUMMATION  OF  RECORDING  CHART . 

Since  the  meter  scale  in  not  uniform,  the  average  flow 
cannot  be  obtained  by  planimet ering  to  find  the  mean  ordinate  when 
the  flow  varies  over  an  appreciable  range.  The  most  accurate  way 
of  summing  up  is  to  divide  the  record  into  small  parts  where  the 
flow  is  practically  constant,  and  then  to  add  up  the  sum  totals  thus 
obtained . 
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DIRECTIONS  FOR  PIPING  FLOW  METERS. 


Quarter  inch  clean  iron  piping  should  be  used  and  all 
joints  should  be  made  perfectly  tight. 

If  the  main  is  4"  or  over  in  diameter  drill  and  tap  it 
horisontally  for  a 3/4”  pipe  thread  normal  to  the  pipe.  If  the 
main  is  less  than  4"  in  diameter  drill  and  tap  horizontally  for  a 


1/2"  pipe  thread. 

When  drilling  and  tapping  the  main  for  the  insertion  of  a 
nozzle  plug,  pressure  gauge  or  thermometer  welj,  take  care  that  no 
chips  get  inside  the  main  and  thence  to  an  engine  or  turbine.  A 
slight  pressure  inside  the  pipe  will  often  accomplish  the  desired 
result.  In  certain  cases  it  may  be  advantageous  to  remove  the 
section  of  the  pipe  before  drilling  and  tapping. 

Insert  the  plug  at  least  ten  pipe  diameters  from  a preceding 
elbow,  tee,  or  other  obstruction,  and  at  least  2 pipe  diameters 
before  a following  el  'ow  or  other  obstruction. 

Be  sure  that  the  arro'~  on  the  head  of  the  plug  points  in 
the  direction  of  flow. 

If  there  is  a flange  within  20  pipe  diameters  before  the 
met  :r,  be  sure  that  the  gasket  does  not  extend  inside  the  pipe. 

Be  sure  that  the  reservpirs  are  located  with  the  ends 


stamped  TOP  at  the  top. 

The  piping  must  have  diwnward  slope  all  the  way  from 
the  reservoirs  to  the  meter.  If  necessary  there  may  be  runs  which 
are  nearly  horizontal. 
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FIGURE  1. 


JOS 03 3 type  P-  Porm  P Pecore/mty  Steam  /7ow  Motor 
wit/?  Sotoma/ic  Pressure  Compersater 


2-15047  RECORDING  FLOW  METER. 

AUTOMATIC  PRESSURE  CORRECTION  PIPING  DIAGRAM. 
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CHART  DIAGRAM  NO.  2 
FOR  ADJUSTING  TYPE  R FORM  D STEAM  FLOW  METER 
H IN.  MERCURY  CUPS 


From  the  measured  internal  pipe  diameter  read  vertically  upward  in  the  direction  of  the  arrow  to 
the  intersection  with  the  curve  representing  the  chart  to  be  used.  From  this  point  read  to  the  left  in  the 
direction  of  the  arrow  to  the  intersection  with  the  line  representing  the  existing  steam  pressure.  From 
here  read  vertically  downward  in  the  direction  of  the  arrow  to  the  intersection  with  the  line  representing 
the  existing  moisture  or  superheat.  Read  to  the  right  from  this  point  in  the  direction  of  the  arrow  to 
the  scale  showing  the  position  of  the  compensating  weight. 


Measured  Internal  P/pe  Diameter  m Inches 


